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Food & Function www.rsc.org/foodfunction has been reported about the use of probiotic LABs for the prevention of antibiotic associated 73 diarrhea. 9 Probiotic LABs have ability to produce substances organics acids (mainly lactic and 74 acetic acids) and bacteriocins etc. which are considered as antimicrobial compounds. Probiotic 75 bacteria adhere to intestinal epithelial cells prevent the colonization of pathogenic bacteria as 76 well as stimulate immunity in the host. 10, 11, 12 Some in vitro studies have confirmed the ability of 77 probiotics to obstruct the growth of pathogens like, Escherichia coli and Campylobacter jejuni, 13 
78
to compete for adhesion to Caco-2 cells and prevent the enteropathogens from CaCO 2 cell 79 surface layer.
14 However, many studies have demonstrated that, the use of LABs in different food 80 products to increase its food chain value, ultimate enhancement in the food security, which 81 yielded positive results in line with IDF's requirements for probiotic bacteria content in dairy 82 products. 15, 16 
83
The Lactobacillus helveticus, an obligatory hetero-fermentative LAB, as it is Generally 84
Recognized as Safe (GRAS) gaining popularity for application in dairy products. Lactobacillus 85 helveticus, used as a starter culture in the manufacture of semi-hard cheeses and fermented milk 86 products. 17 
Preparation of cell-free supernatants (CFS) 135
2 mL Lactobacillus helveticus strain (10 8 CFU mL -1 ) was inoculated into 100 mL of mMRS 136 broth and incubated for 24 h at 37 o C. Then culture was centrifuged at 10,000×g for 10 min at 4 o C. 137
The bacteria precipitate was discarded and the CFSs were treated with 2 M NaOH for different pH 138 levels (pH=3.5, 4, 5, 6, 6.5 and 7). The remaining CFSs after adjusting at pH=6.5 were treated 139 with 1 mg mL -1 proteinaseK, 1 mg mL -1 papain and 5 mg mL -1 catalase for 2 h, respectively 140 according to the method of Ghanbari, et al.
24
. Then they were readjusted at the initial pH by 2 M 141 hydrochloric acid in order to recover to original conditions and exclude effects of proteases. The 142 last three samples were used as control. All of supernatants were filter-sterilized, through a sterile 143 43889, were assessed using an indicator bacteria by Oxford Cups method follow as described in 174 section 2.4. The data were presented as percentage (%). Each experiment was replicated three 175 times. 176
Determination of organic acid production 177
Organic acids concentration was determined by following the procedure of Zhang et al. 
Tolerance of KLDS 1.8701 under conditions simulating the human GI tract 208
Tolerance of the KLDS 1.8701 to simulated gastric juice was tested according to the method 209 of Charteris et al. 28 with some modifications. KLDS 1.8701was cultured in mMRS at 37℃ for 210 24h, and its cells were collected at 4℃ for 5 min (10000 × g), washed twice with PBS buffer 211 (pH 7.3) and suspended in PBS. 0.3 mg/mL pepsin was added into PBS (pH=2, 2.5, 3, 3.5 and 4) 212 as simulated gastric juice. 3% (w/w, nearly 10 8 CFU mL -1 ) of washed cell suspensions were 213 at 37 o C. Viable counts were calculated at 0, 1, 2 and 3h for testing the tolerance of gastric juice 215 during the digest food in the stomach. Tolerance to small intestine juice was tested in PBS 216 solution (pH 8.0) with 0.1 mg/mL pancreatin (Sigma). 3% (w/w, nearly 10 8 CFU mL -1 ) of 217 washed cell suspensions were added into and incubated at 37℃. Viable counts were calculated at 218 0, 1, 2 and 3h for testing the tolerance of gastric juice during the digest food in small intestinal. 29 
219
Tolerance to bile salt was tested in PBS with 1% (w/v) Oxgall (Sigma). 4% (w/w, nearly 10 8 220 CFU mL -1 ) of washed cell suspensions were added into and incubated at 37℃. Viable counts 221
were calculated at 0, 1, 2 and 3h for testing the tolerance of bile salt during the digest food in 222 small intestinal. All of experiments above were carried out in triplicate. 223
Statistical analysis 224
All the analysis done in triplicate manner and collected the data. Statistical treatment of data 225 was conducted by analysis of variances (ANOVA) of SPSS PASW Statistics v18.0 and Duncans 226
Test was used to compare the means when the overall P value of the experiment was below the 227 value of significance (P < 0.05 10 So it is important to confirm the antimicrobial substances which showed a 283 relatively stronger and broader inhibitory spectrum in the study. 284 Table 4 showed antimicrobial activities of CFSs of KLDS1.8701 treated with NaOH at 286 different pH, proteinase K, Papain and catalase. The CFSs remained antimicrobial activities after 287 2 h treatment with catalase, proteinase K, papain and adjusted pH from 3.5 to 4. When pH was 288
Determination of antimicrobial substances 285
increased from 4 to 6, antimicrobial activities of CFSs declined and disappeared after adjusting 289 at pH 6.5 and 7. Results suggested that antimicrobial activity of CFS of KLDS1.8701 was 290 primarily related to organic acids produced by this strain. 291
Most of the LABs produce organic acids by the main metabolites of glucose fermentation. 292
Lactobacillus helveticus is an obligatory heterofermentative LAB. So component of organic 293 acids produced were not just lactic acid. In this study, it was confirmed that composition of 294 organic acids produced by KLDS1.8701 were primarily acetic acid and lactic acid. Concentration 295 of total organic acids after 24 h fermentation reached 12.63 mg mL -1 (Fig. 1) . Concentrations of 296 acetic acid and lactic acid were 10.74 mg mL -1 and 1.89 mg mL -1 , respectively (data not shown). 297 This is consistent with the findings of Tejero-Sarinena, et al., 10 who reported the production of 298 lactic acid and acetic acid by Lactobacillus bacteria. Production of lactic acid and acetic acid was 299 nearly the same as result in our study. The findings of this study also agree with earlier assertions 300 that, the ability of probiotics to prevent gastrointestinal infections is thought to be as a result of 301 their ability to produce antimicrobial properties. Such as organic acids (mainly lactic and acetic 302 acids) as well as stimulate immune processes in the host, thus imputing health-promoting 303 features. 36, 11, 12 304
Antimicrobial activity of KLDS1.8701 cultured by adding different carbon source 305
Results in this part of study showed that concentrations of total organic acids and viable 306 counts of KLDS1.8701 in mMRS supplemented with different carbon sources both increased 307 during 24 cultures, and the data of FOS group was higher than other saccharides groups (Fig 1) . 308
It also suggests that FOS could improve growth of KLDS1.8701 and increase productions of 309 total organic acids much better than other saccharides. It was also observed that KLDS1.8701 310 which cultured in mMRS supplemented with different carbon sources all showed antimicrobial 311 activities against L. monocytogenes ATCC 19115, Salmonella typhimurium ATCC 14028 and 312
Escherichia coli.O157:H7 ATCC 43889 (Fig.2) . The antimicrobial activities observed were due 313 to the presence of FOS, fructose, lactose, glucose and sucrose along with productions of organic 314 acids. Overall, results not only showed that carbon source played a crucial role on enhancing the 315 production of organic acids (lactic and acetic), thus giving rise to the corresponding 316 antimicrobial capability of KLDS1.8701 but also that FOS was a better carbon source for 317 antimicrobial actions than other saccharides. These observations are in line with a previous 318 research which compared LABs cultured in mMRS with FOS to mMRS with glucose in order to 319 study the effect of carbon source on antimicrobial activities of LABs. Results from that study 320
showed that FOS was more useful than glucose to inhibit pathogens. 10 Prebiotics have been 321 applied to the food industry as functional ingredients in food products. 37 Previous studies have 322 demonstrated that FOS could stimulate the growth of probiotic such as bifidobacteria. It has also 323 been shown to increase the growth of lactic acid bacteria (LAB) as well as butyrate and lactate 324 production.given these properties, FOS may thus benefic intestinal inflammation.
38,39 These 325 observations were also found for KLDS1.8701 in our studies. That is to say that FOS could also 326 be useful to improve the growth and probiotic action such as antimicrobial activities of some 327
Lactobacillus hevelticus strains. 328
Mixed culture inhibition assay 329
In section 3.1, it is shown that the inhibition zones of L. monocytogenes ATCC 19115, 330 Salmonella typhimurium ATCC 14028, Escherichia coli.O157:H7 ATCC 43889 by KLDS1.8701 331 culture were larger than those obtained for its CFS. So there might be a part of antimicrobial 332 capability related to action of KLDS1.8701 itself. Mixed culture inhibition assay were studied 333 for antimicrobial activity verification and exploration of antimicrobial mechanism and results are 334 shown in Fig. 3 A, B and C. In co-cultured with three pathogens group, viable counts of L. 335 helveticus KLDS1.8701 all increased rapidly. Diffusion chamber group and monoculture group 336 had the same increase trend, but viable counts of KLDS1.8701 have significant differences 337 between different groups (P<0.05). The pH of cultures in all three groups also showed significant 338 (P<0.05) decrease. Results suggested that KLDS1.8701 can survive well in BHI and produce 339 organic acids using glucose from BHI. Viable counts of three pathogens increased in 340 monoculture group but decreased in diffusion chamber group. This appearance showed organic 341 acids of culture possess antimicrobial effect to impede the growth of three pathogens. Moreover, 342 viable counts of three pathogens rapidly decreased to 0 log CFU mL -1 in the co-culture group 343 whereas it decreased to 0 log CFU mL -1 after 24 h in the diffusion chamber group. However, pH 344 values of BHI in three groups were not significantly different (P>0.05). This might suggest that 345 the part of antimicrobial activity resulted from the action of L. helveticus KLDS1.8701. This 346 implies that inhibition against three pathogens in the co-culture group might resulted from both 347 organic acids in CFS and the action of bacteria itself, but only organic acids participated in 348 inhibition of three pathogens in diffusion chamber group. It can thus be hypothesized that KLDS 349
1.8701 could come in contact and thus interact with three pathogens in co-culture group, but not 350 in diffusion chamber group. This may indicate that the inhibitory action of KLDS1.8701 itself 351 against three pathogens requires contact between the two bacteria cells. In addition, results from 352 (CDI) mechanism. 41, 42, 43, 27 In this study, it was confirmed that part of antimicrobial activity was 360 related to bacteria itself and antimicrobial activity of co-culture group was stronger than the 361 diffusion chamber group. This meant that, antimicrobial activity of bacteria itself might be 362 interrelated to above described CDI mechanism. CDI mechanism can be explicated by exchange 363 of information between bacteria. Such exchange of information included conjugation, secretion 364 systems, contact dependent inhibition, allolysis and nanotubes. 27 We therefore recommend 365 further studies on the description of CDI mechanism of Lactobacillus KLDS1.8701, as these will 366 be useful in increasing the applicability of this KLDS LAB strain. 367
Tolerance of the Lactobacillus strains to simulated GI tract 368
Although probiotics usually pass through the stomach to reach the small intestine, most 369 microorganisms cannot survival under gastric environment with complex digestive enzymes and 370 acids as well as intestinal environment. It is thus necessary to study tolerances of Lactobacilli to 371 artificial gastric juice, small intestine juice and bile salts. From our results, it was observed that 372 viable counts of KLDS 1.8701 could keep about 7 Logs at pH 2, 2.5, and 3 after inoculated into 373 artificial gastric juice for 3 h, but gradually decreased at pH 1.5 and reach 0 Log at 3 h (Table 5  374 A). These results were also similar with the findings of previous study by Fernandez et al. 44 and 375
suggested that KLDS 1.8701 could be conveyed through the acidic conditions of the stomach in 376 significant quantities to the intestine where it can proliferate significantly and exert 377 health-promoting effects. KLDS 1.8701 also could survive well at pH 8.0 conditions with 378 trypsine and in 1% (w/v) bile salts solution for 3 h. Viable counts of KLDS 1.8701 after 3 h of 379 exposure under artificial small intestine juice was no loss compare to the initial (Table 5 B) . 380
Results showed that KLDS 1.8701 showed strong capacities against simulated GI tract. This 381 might suggest that KLDS 1.8701 could enter into gastrointestinal tract and play inhibitory roles 382 against food-borne pathogens. This result was in accordance with some previous studies which 383
showed most strains could survive well under small intestine conditions and bile salts. represents viable counts of KLDS 1.8701 in co-cultured with pathogens group, diffusion chamber 689 group and monoculture group, respectively; (▲and △ with solid line) represents pH of cultures 690 in co-culture group and diffusion chamber group, respectively. 691
